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(57) ABSTRACT 

There is provided an electroconductive resin composition 
comprising: (a) a polyamide resin, (b) a polyphenylene ether 
resin, and (c) a fine carbon fiber dispersed in the resin com 
ponent, wherein a graphite-net plane consisting solely of 
carbonatoms forms a temple-bell-shaped structural unit com 
prising closed head-top part and body-part with open lower 
end, 2 to 30 of the temple-bell-shaped structural units are 
stacked sharing a common central axis to form an aggregate, 
and the aggregates are connected in head-to-tail style with a 
distance to form the fiber. The composition has a high elec 
troconductivity while upholding a high moldability, mechani 
cal property and durability in the polyamide-polyphenylene 
ether resin. 
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ELECTROCONDUCTIVE RESIN 
COMPOSITION 

TECHNICAL FIELD 

The present invention relates to a novel electroconductive 
resin composition. For details, the present invention relates to 
an electroconductive resin composition wherein a fine carbon 
fiber and/or a fine short carbon fiber as an agent imparting 
electroconductivity is blended into a resin component con 
taining a polyamide resin and a polyphenylene ether resin. 
Since the electroconductive resin composition of the present 
invention has a stable electroconductivity and a low water 
absorbability and excels in a dimensional stability and a 
molding processability, and also excels in mechanical physi 
cal properties commencing with an impact property, a chemi 
cal resistance and a hydrolysis resistance, the electroconduc 
tive resin composition of the present invention can be used in 
abroad range of applications such as automotive parts, indus 
trial parts, industrial materials and electric/electronic parts. 

BACKGROUND ART 

Crystalline polyamide resins as typified by nylon 6 and 
nylon 66 are widely employed as an engineering plastic due to 
their excellent mechanical properties and easiness of melt 
molding; however, a deficiency in heat resistance and a defec 
tive stability of dimension by absorbing water are pointed out. 
On the other hand, a polyphenylene ether resin excels in aheat 
resistance and a dimensional stability; however, the presence 
of problems is also pointed out, for example, a viscosity as 
molten is high and a molding processability and a chemical 
resistance are extremely inferior. For this reason, a technol 
ogy of blending a polyamide resin and a polyphenylene ether 
resin has previously proposed (Patent document 1; JP-A-562 
270654), and a study has been made on the creation of a new 
material combining the excellent properties that respective 
resins intrinsically have. 

In order further to take advantage of an excellent molding 
processability, mechanical property, chemical resistance and 
dimensional stability which a polyamide-polyphenylene 
ether resin composition has, a study has also been made on an 
addition of an agent imparting electroconductivity for an 
application with a large size requiring an electrostatic coating 
step such as an automotive exterior part and the like (Patent 
document 2: JP-A-H02-201811). 

Since by employing a polyamide resin produced by 
employing oxalic acid as a dicarboxylic acid component, the 
resin has a higher melting point and a lower percentage of 
water absorption in comparison with other polyamides with 
the same concentration of a amino group (Patent document 3: 
JPA-2006-57033), the resin is expected to be utilized in the 
field where it is difficult to use the conventional polyamides 
having defects in a heat resistance and a dimensional stability 
upon absorbing water. 

It is well known that an electroconductive filler is kneaded 
and dispersed into an electrically insulative resin in order to 
impart electroconductivity for antistatic and other purposes, 
which in turn, an electroconductive resin is made. As an 
electroconductive filler to be kneaded into a resin, an ionic 
electroconductive organic Surfactant, a metal fiber and pow 
der, an electroconductive metal oxide powder, a carbon black, 
a carbon fiber, a graphite powder and the like are generally 
utilized. By molding and processing an electroconductive 
resin composition wherein this filler has been molten, 
kneaded and dispersed into a resin, a molded article having a 
volume resistance value of 10' to 10'G2cm can be obtained. 
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2 
In terms of an electroconductive filler, a relatively small 

amount of blending can also impart an electroconductivity to 
a resin by using a material with a high aspect ratio (length/ 
outside diameter) in a flake form, a whisker form or a fibrous 
form. This is because an electroconductive filler with the 
higher aspect ratio forms the more effective linkage between 
fillers in the same amount of blending, which allows for 
obtaining an electroconductivity in the Smaller amount. 

However, a metallic filler is inferior in a corrosion resis 
tance and a chemical resistance. An inorganic electroconduc 
tive filler requires a large amount of blending more than 50% 
by mass relative to the total mass of a composition because it 
is generally granular. Thus, its resin properties degrade and 
molding becomes difficult. Blending with a carbon black in 
15% by mass or less allows for a high electroconductivity 
because the Ketjen Black and an acetylene black are avail 
able, which form an electroconductive circuit with a chain 
like structure. However, these are difficult to the control of 
dispersion into a resin and a distinct formulation and mixing 
technologies are required to obtain a stable electroconductiv 
ity. Even if a sufficient electroconductivity is obtained, not 
only a processability extremely degrades but also the physical 
properties of an electroconductive resin composition Such as 
a tensile strength, a flexural strength and an impact resistance 
strength extremely degrade in comparison with the original 
physical properties of a resin free from an electroconductive 
filler. 
When the carbon fibers with different fiber diameters are 

blended in the same amount of mass, the fiber with the smaller 
fiber diameter is more excellent in imparting an electrocon 
ductivity due to the more facile formation of an electrocon 
ductive circuit network among fibers. A hollow extra-fine 
carbon fiber, the so-called carbon nanotube has been recently 
disclosed, which has a fiber diameter smaller in two to three 
digits than that of conventional carbon fibers, and its blending 
into various resins, rubbers and the like has been also pro 
posed as an electroconductive filler (Patent document 4: 
JP-A-H01-131251, Patent document 5: JP-A-H03-74465, 
Patent document 6: JP-A-H02-235945), which is regarded as 
an effective electroconductive filler solving the defects of the 
conventional electroconductive fillers. 

These conventional ultrafine carbon fibers collectively 
called as carbon nanofiber or carbon nanotube can be gener 
ally categorized into the following three nanostructured car 
bon materials based on their shapes, configurations and struc 
tures: 
(1) Multilayer carbon nanotube (multilayer concentric cylin 
drical graphite layer) (non-fishbone type); 

Japanese publication of examined application Nos. H03 
64606 and HO3-77288 

Japanese Laid-Open publication No. 2004-299986 
(2) Cup stack type carbon nanotube (fishbone type); 

U.S. Pat. No. 4,855,091 
M. Endo, Y.A. Kim etc.: Appl. Phys. Lett., vol 80 (2002) 

1267 et seq. 
Japanese Laid-Open publication No. 2003-073928 
Japanese Laid-Open publication No. 2004-360099 

(3) Platelet type carbon nanofiber (card type) 
H. Murayama, T. maeda: Nature, vol 345 (No. 28 (1990) 

791 to 793 
Japanese Laid-Open publication No. 2004-300.631. 
In a (1) multilayer carbon nanotube, conductivity in a lon 

gitudinal direction of the carbon nanotube is high because 
electron flow in a graphite network plane (C-axis) direction 
contributes to conductivity in a longitudinal direction. On the 
other hand, for inter-carbon-nanotube conductivity, electron 
flow is perpendicular to a graphite network plane (C-axis) 
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direction and is generated by direct contact between fibers, 
but it is believed that within a resin, since inter-fiber contact is 
not so contributive, electron flow by electrons emitted from 
the Surface layer of a conductive filler plays more important 
role than electron flow in fibers. Ease of electron emission 
involves conductivity performance of a filler. It is supposed 
that in a carbon nanotube, a graphite network plane is cylin 
drically closed and jumping effect (tunnel effect hypothesis) 
by JL-electron emission little occurs. 

In an ultrafine carbon fiber having a (2) fishbone or (3) card 
type structure, an open end of a graphite network plane is 
exposed in a side peripheral Surface, so that conductivity 
between adjacent fibers is improved in comparison with a 
carbon nanotube. However, since the fiber has a piling struc 
ture in which C-axis of a graphite network plane is inclined or 
orthogonal to a fiberaxis, conductivity in a longitudinal fiber 
axis direction in a single fiber is reduced, resulting in reduced 
conductivity as the whole composition. 
The so-called carbon nanotubes described above have also 

difficulty in uniform dispersion into a resin, and they are far 
from satisfactory because there are problems such as unspin 
nability (broken thread), filter occlusion at the discharge part 
of a molding machine, deterioration in the mechanical 
strengths such as the impact resistance of a molded article and 
its Surface appearance due to the residue of the undispersed 
portion of carbon nanotubes as an aggregate in a resin. For 
this reason, blending and mixing the especial compositions 
and the particular Surface modification treatments are needed, 
for example, Surface modification treatment of carbon nano 
tube (Patent document 7: JP-A-2004-323738), and the 
restriction on the kind, composition and the like of resins, 
thus, further improvements are demanded. 

PATENT DOCUMENTS 

Patent document 1: JP-A-S62-270654 
Patent document 2: JP-A-HO2-201811 
Patent document 3: JP-A-2006-57033 
Patent document 4: JP-A-HO1-131251 
Patent document 5: JP-A-HO3-74465 
Patent document 6: JP-A-HO2-235945 
Patent document 7: JP-A-2004-323.738 

SUMMARY OF INVENTION 

Problem to be Solved by the Invention 

The objective of the present invention is to provide an 
electroconductive resin composition, which has a low water 
absorbability and excels in a dimensional stability and a 
molding processability, and also excels in mechanical physi 
cal properties such as an impact property, a chemical resis 
tance and a hydrolysis resistance. The objective is further to 
provide a resin composition, which achieves the mixing and 
dispersion of a fine carbon fiber into a resin and has a stable 
electroconductivity while upholding the original property of 
a resin even without employing the especial kneading and 
mixing procedures and blending formulations. 

Means for Solving Problem 

The present invention relates to the following terms. 
1. An electroconductive resin composition comprising: 

(a) a polyamide resin, 
(b) a polyphenylene ether resin, and 
(c) a fine carbon fiber dispersed in the resin component, 

wherein a graphite-net plane consisting solely of carbon 
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4 
atoms forms a temple-bell-shaped structural unit comprising 
closed head-top part and body-part with open lower-end, 2 to 
30 of the temple-bell-shaped structural units are stacked shar 
ing a common central axis to form an aggregate, and the 
aggregates are connected in head-to-tail style with a distance 
to form the fiber. 
2. The electroconductive resin composition according to the 
item 1, wherein the fine carbon fiber is produced by vapor 
phase growth using a catalyst containing an element selected 
from the group consisting of Fe, Co, Ni, Al, Mg and Si, and an 
ash content in the fine carbon fiber is 4% by mass or less. 
3. The electroconductive resin composition according to the 
item 1 or 2, wherein the fine carbon fiber is a fine short carbon 
fiber in which 100 or less of the aggregates are connected. 
4. The electroconductive resin composition according to the 
item 3, wherein the fine short carbon fibers are produced by 
fiber shortening by applying shear stress. 
5. The electroconductive resin composition according to any 
one of the items 1 to 4, wherein the (b) polyphenylene ether 
resin is a polyphenylene ether resin modified with a C. B 
unsaturated carboxylic acid or a derivative thereof. 
6. The electroconductive resin composition according to any 
one of the items 1 to 5, wherein the (a) polyamide resin is an 
aliphatic polyamide resin. 
7. The electroconductive resin composition according to any 
one of the items 1 to 6, wherein the (a) polyamide resin is a 
polyamide resin obtained by a polycondensation of Oxalic 
acid and a diamine having 4 to 12 carbon atoms. 

Effect of the Invention 

In accordance with the present invention, a resin composi 
tion is provided which has a high moldability and electrocon 
ductivity while upholding the original property of a polya 
mide-polyphenylene ether resin. In the electroconductive 
resin composition of the present invention, the addition of a 
small amount of a fine carbon fiber and/or a fine short carbon 
fiber achieves a high electroconductivity. For this reason, the 
electroconductive resin composition is obtained without a 
large deterioration in the original property of a resin Such as, 
for example, its moldability and a mechanical property. 
The effect mentioned above is caused by the follows: the 

fine carbon fibers contained in a composition of the present 
invention are electroconductive carbon fibers which do not 
belong to any of three categories (1) to (3). As described later, 
it is possible that a temple-bell-shaped body slightly inclined 
outward is responsible for electron flow in a longitudinal 
direction of the fiber itself while electron emission from the 
open end of the temple-bell-shaped body is responsible for 
inter-fiber electron flow, and this probably contributes to 
improvement in conductivity performance in the resin. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1(a) is a drawing schematically showing a minimal 
structural unit (temple-bell-shaped structural unit) constitut 
ing a fine carbon fiber; and FIG. 1(b) is a drawing schemati 
cally showing an aggregate consisting of 2 to 30 stacked 
temple-bell-shaped structural units. 

FIG. 2(a) is a drawing schematically showing connecting 
aggregates with a certain distance to form a fiber; and FIG. 
2(b) is a drawing schematically showing curved connection 
when aggregates are connected with a certain distance. 

FIG.3 is a TEM image of the fine carbon fiber produced in 
Production Example A1. 
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FIG. 4 is a schematic drawing showing that a fine carbon 
fiber is pulled out to form a fine short carbon fiber by shear 
StreSS. 

FIG. 5 is a TEM image of a fine carbon short fiber formed 
by shortening. 

MODE FOR CARRYING OUT THE INVENTION 

There will be detailed the present invention. Herein, “fine 
short carbon fiber' is a concept embraced by “fine carbon 
fiber, and refers to a short-fiber having a shorter fiber length 
among “fine carbon fibers' as described later. In the following 
description, “fine carbon fiber generally means “fine carbon 
fiber which is not shortened'. Unless otherwise indicated, 
“fine carbon fiber” and “fine short carbon fiber denote a 
carbon fiber having a particular structure described below, 
and does not mean a carbon fiber having a known structure. 
<Electroconductive Resin Composition> 

In terms of the electroconductive resin composition of the 
present invention, the fine carbon fiber (encompassing the 
fine short carbon fiber) is dispersed in the polyamide 
polyphenylene ether resin. Detailed explanations are given 
later for the fine carbon fiber, the polyamide resin and the 
polyphenylene ether resin and the like to be employed for the 
present invention. 

In the present invention, the blending amount of the fine 
carbon fiber can be varied in a wide range compared with the 
“conventional ultrafine carbon fibers' due to the excellent 
dispersibility of the fine carbon fiber (encompassing the fine 
short carbon fiber). Although the blending amount of the fine 
carbon fiber may arbitrarily be altered within a range which 
allows for an intended electroconductivity and within a range 
which does not cause a degradation of a moldability and a 
degradation of mechanical properties of a molded article, the 
blending amount is generally 0.1 to 40% by mass, preferably 
0.5 to 20% by mass and more preferably 1 to 15% by mass 
relative to the total mass of the composition. 
By blending the fine carbon fiber into the polyamide 

polyphenylene ether resin, the electroconductive resin com 
position of the present invention has its advantages in the 
following respective applications. In an application of mold 
ing process, a processability is improved, and a deformation 
and shrinkage are suppressed. In electrical and electronic 
applications, an electrostatic charge is prevented and impart 
ing of an electroconductivity and shielding of an electromag 
netic wave are exhibited. In an application of reinforcement, 
an elastic modulus, a stiffness, a tensile strength and an 
impact resistance are improved. In a thermal application, a 
low distensibility, a thermal conductivity and a thermal resis 
tance are improved. In acoustic and vibrational applications, 
a vibration damping and properties of an oscillator Such as a 
speaker are improved. In a tribological application, an abra 
sion resistance, a slidability and a performance for the pre 
vention of powder dropping are improved. In an application 
of flame resistance, an effect on the prevention of dripping 
can be imparted. 
<Method for Producing the Electroconductive Resin Compo 
sition> 
The electroconductive resin composition of the present 

invention is prepared by the known mixing method to mix (a) 
the polyamide resin component, (b) the polyphenylene ether 
resin component, (c) the fine carbon fiber and optionally an 
additional component. Since in particular, the fine carbon 
fiber (encompassing the fine short carbon fiber) is excellent in 
a dispersibility, the composition can be produced by the 
known method of kneading and kneading machines. 
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6 
For example, after adding the fine carbon fiber and an 

additional component as necessary to the polyamide 
polyphenylene ether resin, the production can be carried out 
by dispersing them into the polyamide-polyphenylene ether 
resin in a state of melting or softening by employing a roll 
mill, a melt blender (the Banbury mixer, the Brabender, the 
Ko-kneader), a single or double screw extruding kneader. The 
provision method of the fine carbon fiber and the additional 
component may be done collectively or in multiple steps. 
Upon kneading as described above, since there is an open 

end being an active site in the fine carbon fiber, it is inferred 
that its affinity with a resin is high and that the dispersibility 
upon kneading is improved, which at the same time contrib 
utes to the retention and improvement of physical properties 
of a resin. 
As mentioned later in the fine carbon fiber, the linking part 

of the aggregate of the temple-bell-shaped structural units, 
which are bonded by a weak force of the van der Waals force, 
also readily dissociates at its bonding part by a shear force 
upon kneading. Generally, the catalytic vapor phase growth 
method, which currently shows the most promise as a proce 
dure conducting mass productions, generates an agglomerate 
(a fuzzball from several micrometers to 1 mm) wherein a long 
filamentous fibers not less than 1 um intricately intertangle. 
Since however, the fine carbon fiber to be used in the present 
invention is cleaved into an appropriate length by adjusting 
the shear force to progress the shortening and opening of 
fibers in the fiberaggregate, the electroconductive resin com 
position can be obtained without using the especial dispersion 
technologies and dispersion equipments. 
The fine short carbon fiber has more excellent dispersibil 

ity because the fiber is shortened by ablation of the fiber at 
bonding parts as mentioned later. 
<<Fine Carbon Fiber and Fine Short Carbon Fiber-> 
The following description Summarizes typical features and 

typical production processes for a fine carbon fiber or fine 
short carbon fiber contained in a composition of the present 
invention. 
1. A fine carbon fiber preferably produced by vapor growth, 
wherein 

a graphite-net plane consisting solely of carbon atoms 
forms a temple-bell-shaped structural unit comprising closed 
head-top part and body-part with open lower-end, where an 
angle 0 formed by a generatrix of the body-part and a fiber 
axis is less than 15°, 
2 to 30 of the temple-bell-shaped structural units are stacked 
sharing a common central axis to form an aggregate, and 

the aggregates are connected in head-to-tail style with a 
distance to form the fiber. 
2. The fine carbon fiber according to the above item 1, 
wherein an end of the body-part of the aggregate has an outer 
diameter D of 5 to 40 nm and an inner diameter d of 3 to 30 
nm, and an aspect ratio (L/D) of the aggregate is 2 to 30. 
3. The fine carbon fiber according to the above item 1 or 2, 
wherein an ash content is 4% by weight or less. 
4. The fine carbon fiber according to any one of the above 
items 1 to 3, wherein a peak halfwidth W (unit: degree) of 002 
plane in the fine carbon fiber is 2 to 4 as determined by X-ray 
diffractometry. 
5. The fine carbon fiber according to any one of the above 
items 1 to 4, wherein a graphite plane gap (d002) of the fine 
carbon fiber is 0.341 to 0.345 nm as determined by X-ray 
diffractometry. 
6. A process for manufacturing a fine carbon fiber comprising 
feeding a mixed gas containing CO and H onto a catalyst 
containing an element selected from the group consisting of 
Fe, Co, Ni, Al, Mg and Si, to initiate a reaction and growing 
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the fine carbon fiber; wherein the catalyst preferably com 
prises a spinel-type oxide of cobalt, in which magnesium is 
contained by Substitution forming Solid solution. 
7. The process for manufacturing a fine carbon fiber accord 
ing to the above item 6, wherein when the spinel-type oxide is 5 
represented by Mg,Co-O, “x” which is a solid solution 
range of magnesium is 0.5 to 1.5. 
8. The process for manufacturing a fine carbon fiber accord 
ing to the above item 6 or 7, wherein in the spinel-type oxide, 
a crystal lattice constant “a” (cubic system) is 0.811 to 0.818 
nm as determined by X-ray diffraction measurement. 
9. The process for manufacturing a fine carbon fiber accord 
ing to any one of the above items 6 to 8, wherein a volume 
ratio of CO/H, in the mixed gas is within the range of 70/30 to 
99.9/0.1 and a reaction temperature is within the range of 400 
to 650° C. 
10. A fine short carbon fiber prepared by shortening a fine 
carbon fiber preferably produced by vapor growth, wherein a 
graphite-net plane forms a temple-bell-shaped structural unit 20 
comprising closed head-top part and body-part with open 
lower-end, 2 to 30 of the temple-bell-shaped structural units 
are stacked sharing a central axis to form an aggregate, and 
one to several tens of the aggregates are connected in head 
to-tail style. 25 
11. The fine short carbon fiber according to the above item 10, 
wherein the generatrix of the body-part and the fiberaxis form 
an angle 0 of less than 15°. 
12. The fine short carbon fiberaccording to the above item 10 
or 11, wherein an end of the body-part of the aggregate has an 30 
outer diameter D of 5 to 40 nm and an inner diameter d of 3 to 
30 nm, and an aspect ratio (L/D) of the aggregate is 2 to 30. 
13. The fine short carbon fiber according to any one of the 
above items 10 to 12, whereinanash content is 4% by mass or 
less. 35 

14. The fine short carbon fiber according to any one of the 
above items 10 to 13, wherein a peak half width W (unit: 
degree) of 002 plane in the fine carbon fiber is 2 to 4 as 
determined by X-ray diffractometry. 
15. The fine short carbon fiber according to any one of the 40 
above items 10 to 14, wherein a graphite plane gap (d002) of 
the fine carbon fiber is 0.341 to 0.345 nm as determined by 
X-ray diffractometry. 
16. A fine short carbon fiber produced by shortening the 
carbon fiber according to any one of the above items 1 to 5 by 45 
applying shear stress. 
17. A process for manufacturing a fine short carbon fiber, 
comprising preparing a fine carbon fiber by the manufactur 
ing process according to any one of the above items 6 to 9 and 
then applying shear stress to the fiber for shortening. 50 

There will be described the above items in details. 
A fine carbon fiber and a fine short carbon fiber has a 

temple-bell-shaped structure as shown in FIG. 1(a) as a mini 
mal structural unit. A temple bell is commonly found in 
Japanese temples, which has a relatively cylindrical-shaped 55 
body-part, which is different from a Christmas bell that is 
very close to cone-shape. As shown in FIG. 1(a), a structural 
unit 11 has a head-top part 12 and a body-part 13 having an 
open end like a temple bell and approximately has a shape as 
a body of rotation formed by rotation about a central axis. The 60 
structural unit 11 is constituted by a graphite-net plane con 
sisting solely of carbon atoms, and the circumference of the 
open-end of the body-part is the open end of the graphite-net 
plane. Here, although the central axis and the body-part 13 
are, for convenience, indicated by a straight line in FIG. 1(a), 65 
they are not necessarily straight, but may be curved as shown 
in FIGS. 3 and 5 described later. 
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The body-part 13 is gradually enlarged toward the open 

end side, and as a result, the generatrix of the body-part 13 is 
slightly oblique to the central axis of the temple-bell-shaped 
structural unit and an angle formed 0 by these is less than 15°. 
more preferably 1-0<15°, further preferably 2<0<10°. 
With an excessively large 0, a fine fiber constituting from the 
structural units has a structure like a fish bone carbon fiber, 
leading to deterioration in conductivity in a fiber axis direc 
tion. On the other hand, with a smaller 0, it has a structure like 
a cylindrical tube and thus the open end of the graphite-net 
plane constituting the body-part in the structural unit are less 
exposed in the outer circumference surface of the fiber, lead 
ing to deterioration in conductivity between adjacent fibers. 
The fine carbon fiber and the fine short carbon fiber have 

defects and irregular disturbances, but when their shape is 
observed as a whole neglecting Such irregularity, it can be the 
that they have a temple-bell-shaped structure where the body 
part 13 is gradually enlarged toward the open end side. In 
terms of a fine short carbon fiber and a fine carbon fiber of the 
present invention, the above description does not mean that 0 
is within the above range in all parts, but means that when the 
structural unit 11 is observed as a whole neglecting defects 
and irregular parts, 0 generally is within the above range. 
Therefore, in determination of 0, it is preferable to eliminate 
an area near the head-top part 12 where a thickness of the 
body-part irregularly varies. More specifically, for example, 
when a length of a temple-bell-shaped structural unit aggre 
gate 21 (see, the description below) is “L” as shown in FIG. 
1(b), 0 may be measured at three points (4)L, (/2)L and (3/4)L 
from the head-top part side and an average of the measured 
values is determined and the average may be regarded as 0 for 
the whole structural unit 11. “L” is ideally measured in a 
straight line, but actually, the body-part 13 is often curved, 
and therefore, it can be measured along the curve in the 
body-part 13 to give a substantially more real value. 
When produced as a fine carbon fiber (the same goes for a 

fine short carbon fiber), the head-top part has a shape which is 
Smoothly connected to the body-part and convexly curved to 
the upper side (in the figure). A length of the head-top part is 
typically about “D' (see FIG. 1(b)) or less, sometimes about 
“d” (see FIG. 1(b)) or less, wherein “D” and “d” will be 
described for a temple-bell-shaped structural unit aggregate. 

Furthermore, as described later, active nitrogen is not used 
as a starting material, so that other atoms such as nitrogen are 
not contained in the graphite-net plane of the temple-bell 
shaped structural unit. Thus, the fiber exhibits excellent crys 
tallinity. 

In a fine carbon fiber and a fine short carbon fiber used in 
the present invention, as shown in FIG. 1(b), 2 to 30 of such 
temple-bell-shaped structural units are stacked sharing a cen 
tral axis, to form a temple-bell-shaped structural unit aggre 
gate 21 (hereinafter, sometimes simply referred to as an 
“aggregate'). The stack number is preferably 2 to 25, more 
preferably 2 to 15. 
An outer diameter'D' of the body-part of the aggregate 21 

is 5 to 40 nm, preferably 5 to 30 nm, further preferably 5 to 20 
nm. A diameter of a fine fiber increases as "D' increases, so 
that in a composite with a polymer, a large amount needs to be 
added forgiving particular functions such as conductivity. On 
the other hand, as 'D' decreases, a diameter of a fine fiber 
decreases, so that fibers tend to more strongly agglomerate 
each other, leading to, for example, difficulty in dispersing 
them in preparation of a composite with a polymer. A body 
part outer diameter "D' is determined preferably by measur 
ing it at three points (4) L, (/2)L and (3/4)L from the head-top 
part of the aggregate and calculating an average. Although 
FIG. 1(b) shows a body-part outer diameter "D' for conve 
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nience sake, an actual “D” is preferably an average of the 
measured values at the above three points. 
An inner diameter 'd' of the body-part of the aggregate is 

3 to 30 nm, preferably 3 to 20 nm, further preferably 3 to 10 
nm. Again, a body-part inner diameter 'd' is determined 
preferably by measuring it at three points (4) L, (/2)L and 
(3/4)L from the head-top part of the temple-bell-shaped struc 
tural unit aggregate and calculating an average. Although 
FIG. 1(b) shows a body-part inner diameter “d for conve 
nience sake, an actual 'd' is preferably an average of the 
measured values at the above three points. 
An aspect ratio (L/D) calculated from a length “L” of the 

aggregate 21 and a body-part outer diameter “D is 2 to 150, 
preferably 2 to 30, more preferably 2 to 20, further preferably 
2 to 10. With a larger aspect ratio, a fiber formed has a 
structure of a more cylindrical tube and conductivity in a fiber 
axis direction in a single fiber is improved, but the open ends 
of the graphite-net planes constituting the body-part of the 
structural units are less frequently exposed in the circumfer 
ential surface of the fiber, leading to deterioration in conduc 
tivity between adjacent fibers. On the other hand, with a 
Smaller aspect ratio, the open ends of the graphite-net planes 
constituting the body-part of the structural units are more 
frequently exposed in the circumferential surface of the fiber, 
so that conductivity between adjacent fibers can be improved, 
but a fiber circumferential surface is constituted by a number 
of connected short graphite-net planes in a fiber axis direc 
tion, leading to deterioration in conductivity in a fiber axis 
direction in a single fiber. 
The fine carbon fiber and the fine short carbon fiber share 

an essentially common configuration for a temple-bell 
shaped structural unit and a temple-bell-shaped structural 
unit aggregate, but a fiber length is different as described 
below. 

First, the fine carbon fiber is formed by connecting the 
aggregates in a head-to-tail style as shown in FIG. 2(a). A 
head-to-tail style means that in a configuration of the fine 
carbon fiber, a bonding site between adjacent aggregates is 
formed from a combination of the head-top part (head) of one 
aggregate and the lower end (tail) of the other aggregate. As a 
specific style of bonding the part, the head-top part of the 
outermost temple-bell-shaped structural unit in the second 
aggregate 21b is inserted into the inner part of the innermost 
temple-bell-shaped structural unitat a lower opening of a first 
aggregate 21a; and furthermore, the head-top part of a third 
aggregate 21c is inserted into the lower opening of a second 
aggregate 21b, and a number of Such combinations are seri 
ally connected to form a fiber. 

Each bonding part forming one fine fiber of the fine carbon 
fibers does not have structural regularity; for example, a 
length of a bonding part between a first aggregate and a 
second aggregate in a fiber axis direction is not necessarily 
equal to a length of a bonding part between the second aggre 
gate and a third aggregate. Furthermore, as shown in FIG. 
2(a), two aggregates bonded share a common central axis and 
may be connected in a straight line, but as in the temple-bell 
shaped structural unit aggregates 21b and 21c shown in FIG. 
2(b), they may be bonded without sharing a central axis, 
resulting in a curved structure in the bonding part. A length 
'L' of the temple-bell-shaped structural unit aggregate is 
approximately constant in each fiber. However, since in vapor 
phase growth, starting materials and byproduct gaseous com 
ponents and a catalyst and a solid product component exist in 
mixture, a temperature distribution may occur in a reaction 
vessel; for example, a local site at a temporarily higher tem 
perature generates depending on a flowing state of the above 
heterogeneous reaction mixture of a gas and a solid during an 
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10 
exothermic carbon precipitating reaction, possibly resulting 
in variation in a length 'L' to some extent. 

In the fine carbon fiberthus constituted, at least some of the 
open ends of the graphite-net planes in the lower end of the 
temple-bell-shaped structural units are exposed in the fiber 
circumferential Surface, depending on a connection distance 
of the aggregates. Consequently, without conductivity in a 
fiber axis direction in a single fiber being deteriorated, con 
ductivity between adjacent fibers can be improved due to 
jumping effect by n-electron emission (tunnel effect) as 
described above. Such a fine carbon fiber structure can be 
observed by a TEM image. Furthermore, it can be believed 
that the effects of a fine carbon fiber are little affected by 
curving of the aggregate itself or curving of the connection 
part of the aggregates. Therefore, parameters associated with 
a structure can be determined by observing an aggregate 
having a relatively straight part in a TEM image, as the struc 
tural parameters (0, D, d, L) for the fiber. 

Next, a fine short carbon fiber is prepared by further short 
ening the fine carbon fiber thus formed. Specifically, shear 
stress is applied to the fine carbon fiber, to cause sliding 
between graphite fundamental planes in the aggregate bond 
ing part, so that the fine carbon fiber is shortened at Some of 
the bonding parts of the aggregates to give a shorter fiber. The 
fine short carbon fiber formed by such fiber shortening is as 
short as a fiber length of 1 to about several ten aggregates (that 
is, 100 or less, up to about 80, preferably up to about 70), 
preferably one to 20 aggregates which are connected. An 
aspect ratio of the aggregates in this fine short carbon fiber is 
about 2 to 150. An aspect ratio of the aggregates in the fine 
short carbon fiber which is suitable for mixing is 2 to 50. Even 
when shear stress is applied, cleavage does not occur in a fiber 
straight body-part of the fiber consisting of carbon SP2 bonds 
in the aggregate, so that the fiber cannot be cut into a unit 
Smaller than an aggregate. 

Also in the fine short carbon fiber, since the end surface of 
the graphite net is exposed, conductivity between adjacent 
fibers is as high as a fine carbon fiber before fiber shortening 
due to jumping effect by n-electron emission (tunnel effect) 
as described above while conductivity in a fiber axis in a 
single fiber is not deteriorated. A structure of a fine short 
carbon fiber after fiber shortening as described above can be 
observed by a TEM image. Furthermore, it can be believed 
that the effects of the fine short carbon fiber are little affected 
by curving of the aggregate itself or curving of the bonding 
part of the aggregates. In the fine short carbon fiber in FIG. 5, 
four temple-bell-shaped structural unit aggregates of 4-a to 
4-dare connected as shown in the figure, and for each, 0 and 
an aspect ratio (L/D) are 4-a:0=4.8°, (L/D)=2.5: 4-b:0 =0.5°. 
(L/D)=2.0: 4-c:0=4.5°, (L/D)=5.0: 4-d:0=1.1°, (L/D)=5.5. 

In XRD by Gakushin-method of a fine carbon fiber and a 
short carbon fiber, a peak half width W (unit: degree) of 002 
plane measured is within the range of 2 to 4. If W is more than 
4, graphite exhibits poor crystallinity and poor conductivity. 
On the other hand, if W is less than 2, graphite exhibits good 
crystallinity, but at the same time, fiber diameter becomes 
large, so that a larger amount is required for giving functions 
Such as conductivity to a polymer. 
A graphite plane gap d002 as determined by XRD using 

Gakushin-method of a fine carbon fiber and a short carbon 
fiberis 0.350 nm or less, preferably 0.341 to 0.348 nm. If dO02 
is more than 0.350 nm, graphite crystallinity is deteriorated 
and conductivity is reduced. On the other hand, a fiber of 
0.341 nm is produced in a low yield in the production. 
The ash content contained in the fine carbon fiber and the 

short carbon fiber is 4% by mass or less, and therefore, puri 
fication is not necessary for a common application. Generally, 
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it is 0.3% by mass or more and 4% by mass or less, more 
preferably 0.3% by mass or more and 3% by mass or less. The 
ash content is determined from a weight of an oxide as a 
residue after combustion of 0.1 g or more of a fiber. 
A short carbon fiber has a fiber length of preferably 100 to 

1000 nm, more preferably 100 to 300 nm. A fine short carbon 
fiber having such a length in which a peak halfwidth W (unit: 
degree) of the above 002 plane is 2 to 4 and a graphite plane 
gap d002 is 0.350 nm or less, preferably 0.341 to 0.348 nm is 
a novel fiber which is not known in the prior art. 

Next, there will be described a process for manufacturing a 
fine carbon fiber and a fine short carbon fiber. A fine short 
carbon fiber is produced by shortening a fine carbon fiber. 
<Process for Manufacturing a Fine Carbon Fiberd 

First, a process for manufacturing a fine carbon fiber is as 
follows. The fine carbon fiber is produced by vapor phase 
growth using a catalyst. Preferred catalyst comprises an ele 
ment selected from the group consisting of Fe, Co, Ni, Al, Mg 
and Si, and the preferred feed gas is a mixed gas containing 
CO and H. Most preferably, using a catalyst which is an 
oxide of cobalt having a spinel type crystal structure contain 
ing magnesium by Substitution forming Solid solution, vapor 
phase growth is conducted Supplying a mixed gas containing 
CO and H to the catalyst particles to produce a fine carbon 
fiber. 
A spinel type crystal structure of cobalt where Mg is sub 

stituted forming solid solution is represented by Mg,Cos-O, 
In this formula, x is a number indicating substitution of Coby 
Mg, and nominally, 0<x<3. Furthermore, y is a number 
selected such that electric charge of the whole formula 
becomes neutral, and is formally a number of 4 or less. That 
is, a spinel-type oxide of cobalt Co-O contains divalent and 
trivalent Co ions, and when divalent and trivalent cobalt ions 
are represented by Co' and Co', respectively, a cobalt oxide 
having a spinel type crystal structure is represented by 
Co'Co'O. Both sites of Co' and Co' are substituted by 
Mg to form a solid solution. After the solid solution formation 
by substitution with Mg for Co', electric charge is kept to be 
neutral and thusy is less than 4. However, both X and y have 
a value within a range that a spinel type crystal structure can 
be maintained. 

For the use as a catalyst, a solid solution range of Mg 
represented by x is preferably 0.5 to 1.5, more preferably 0.7 
to 1.5. A solid solution amount as X of less than 0.5 results in 
poor catalyst activity, leading to production of a fine carbon 
fiber in a lower yield. If X is more than 1.5, it is difficult to 
produce a spinel type crystal structure. 
A spinel-type oxide crystal structure of the catalyst can be 

confirmed by XRD, and a crystal lattice constant “a” (cubic 
system) is within the range of 0.811 to 0.818 nm, more pref 
erably 0.812 to 0.818 nm. If “a” is small, substitutional solid 
Solution formation with Mgis inadequate and catalyst activity 
is low. The above spinel-type oxide crystal having a lattice 
constant larger than 0.818 nm is difficult to produce. 
We suppose that such a catalyst is suitable because solid 

Solution formation by Substitution with magnesium in the 
spinel structure oxide of cobalt provides a crystal structure as 
if cobalt is dispersedly placed in magnesium matrix, so that 
under the reaction conditions, aggregation of cobalt is inhib 
ited. 
A particle size of the catalyst can be selected as appropriate 

and for example, is 0.1 to 100 um, preferably 0.1 to 10 um as 
a median diameter. 

Catalyst particles are generally placed on an appropriate 
Support such as a Substrate or a catalyst bed by an appropriate 
application method such as spraying, for use. Spraying cata 
lyst particles on a Substrate or catalyst bed can be conducted 
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12 
by directly spraying the catalyst particles or spraying a sus 
pension of the particles in a solvent Such as ethanol and then 
drying it to spray a desired amount. 

It is also preferable that catalyst particles are activated 
before being reacted with a source gas. Activation is generally 
conducted by heating under a gas atmosphere containing H2 
or CO. Such activation can be conducted by diluting the above 
gas with an inert gas such as He and N as necessary. A 
temperature at which activation is conducted is preferably 
400 to 600° C., more preferably 450 to 550° C. 

There are no particular restrictions to a reactor for vapor 
phase growth, which can be conducted using a reactor Such as 
a fixed-bed reactor and a fluidized-bed reactor. 
A mixed gas containing CO and H is used as a source gas 

to be a carbon source in vapor-phase growth. 
An addition concentration of H2 gas (H2/(H2+CO)} is 

preferably 0.1 to 30 vol%, more preferably 2 to 20 vol%. 
When the addition concentration is too low, cylindrical 
graphite net planes form a carbon-nanotube-like structure 
parallel to a fiberaxis. On the other hand, if it is more than 30 
vol%, the angle of the temple-bell-shaped structure oblique 
to the fiber axis of a carbon side peripheral surface becomes 
larger and similar to a fish-bone shape, leading to lower 
conductivity in a fiber direction. 
The Source gas can contain an inert gas. Examples of such 

an inert gas include CO, N, He and Ar. The inert gas is 
preferably contained in Such an amount that it does not sig 
nificantly reduce a reaction rate; for example, 80 vol% or less, 
preferably 50 vol% or less. Furthermore, a synthetic gas 
containing H and CO or a waste gas such as a steel converter 
exhaust gas can be, as necessary, used after appropriate treat 
ment. 

A reaction temperature for conducting vapor-phase growth 
is preferably 400 to 650° C., more preferably 500 to 600° C. 
If a reaction temperature is too low, a fiber does not grow. On 
the other hand, if a reaction temperature is too high, an yield 
is reduced. A reaction time is, but not limited to, for example, 
2 hours or more and about 12 hours or less. 

In terms of a reaction pressure, vapor-phase growth can be 
conducted at an ambient pressure from the viewpoint of con 
Venience of a reactor or operation, but as long as carbon 
growth of Boudouard equilibrium proceeds, the reaction can 
be conducted under the pressurized or reduced-pressure con 
dition. 

It has been demonstrated that according to this manufac 
turing process for a fine carbon fiber, an yield of a fine carbon 
fiber per a unit weight of the catalyst is considerably higher 
than that in a conventional manufacturing process. Anyield of 
a fine carbon fiberaccording to this manufacturing process for 
a fine carbon fiber is 40 folds or more, for example 40 to 200 
folds per a unit weight of the catalyst. As a result, a fine carbon 
fiber containing reduced amount of impurities and ash con 
tent as described above can be produced. 

Although a process of forming the bonding part unique to 
the fine carbon fiber prepared by this manufacturing process 
for a fine carbon fiber is not clearly understood, it is specu 
lated that balance between exothermic Boudouard equilib 
rium and heat removal by Source-gas flowing causes variation 
of a temperature near the fine cobalt particles formed from the 
catalyst, so that carbon growth intermittently proceeds, 
resulting information of the bonding part. In other words, it is 
speculated that four processes: 1 formation of a head-top 
part of a temple-bell-shaped structure, 2 growth of a body 
part in the temple-bell-shaped structure, 3 pause of growth 
due to temperature increase caused by the processes 1 and 
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2, and 4 cooling by a flowing gas, are repeated on fine 
catalyst particles, to form the bonding part unique to a fine 
carbon fiber structure. 
<Manufacturing Process for a Fine Short Carbon Fibers 
As described above, a fine carbon fiber can be produced. 

Next, a fine short carbon fiber can be produced by separating 
a fine carbon fiber to shorten it. Preferably, it is prepared by 
applying shear stress to the fine carbon fiber. Suitable 
examples of a specific fiber shortening method include those 
using a grinder, a tumbling ball mill, a centrifugal ball mill, a 
centrifugal planetary ball mill, a bead mill, a microbead mill, 
an attriter type high-speed ball mill, a rotating rod mill, a 
vibrating rod mill, a roll mill and a three-roll mill. The fiber 
shortening of the fine carbon fiber may be conducted in wet 
process or dry-process. Wet fiber shortening may be con 
ducted in the presence of either a resin or a resin and a filler. 
Since fine carbon fibers before fiber shortening aggregate like 
a fluffball, the presence of a small medium capable of loos 
ening Such a ball can accelerate shredding and fiber shorten 
ing. Furthermore, coexistence of a fine filler allows for short 
ening of the fine carbon fiber and mixing and dispersing the 
filler can be conducted at the same time. An atmosphere in dry 
fiber shortening can be selected from an inert atmosphere or 
an oxidative atmosphere, depending on a purpose. 
The reason why the fine carbon fiber can be easily short 

ened by applying shear stress is due to the structure of the fine 
carbon fiber. Specifically, it is because a fine carbon fiber is 
formed from temple-bell-shaped structural unit aggregates 
connected in a head-to-tail style with a distance. When shear 
stress is applied to the fiber, the fiber is pulled to the fiberaxis 
direction indicated by an arrow in FIG. 4, and then sliding 
occurs between carbon fundamental planes constituting a 
bonding part (in FIG. 4, see region A: “two sticks' shape 
which is Japanese katakana 'ha'), and one to several ten 
temple-bell-shaped structural unit aggregates are pulled offat 
the head-to-tail bonding parts, resulting in fiber shortening. 
That is, the head-to-tail bonding part is not formed by con 
secutive carbon double bonds in a fiber axis direction like a 
concentric fine carbon fiber, but formed by bonds mainly via 
van der Waals force with a lower bond energy. When crystal 
linity is compared between a fine carbon fiber and a fine short 
carbon fiber prepared by shortening the above fine carbon 
fiber on the basis of a carbon layer gap and a true specific 
gravity, difference is not observed in carbon crystallinity 
between these. However, in comparison with the fine carbon 
fiber, the fine short carbon fiber after fiber shortening has a 
larger surface area by about 2 to 5%.Increase of a surface area 
to this extent would be due to fiber shortening, indicating that 
shortening of a fine carbon fiber is caused by the pulling-off of 
the temple-bell-shaped structural unit aggregates simply 
from their bonding sites, while carbon crystallinity of the 
temple-bell-shaped structural unit aggregates in the fine car 
bon fiber is not deteriorated. 
<Resin Component> 

In the present invention, it is preferred that the resin com 
ponent in which the fine carbon fiber or the fine short carbon 
fiberis dispersed comprises a polyamide resin and a polyphe 
nylene ether resin. 
<Polyamide Resind 
The polyamide resin to be employed in the present inven 

tion may be obtained by a polycondensation of a diamine and 
a dicarboxylic acid, a self-condensation of an co-aminocar 
boxylic acid, a ring-opening polymerization of lactams and 
the like, which has a sufficient molecular weight. 

There is no particular limitation on a number average 
molecular weight of the polyamide resin to be employed in 
the present invention, and those may optionally employed 
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14 
usually within a range of 10000 to 50000, preferably 13000 to 
30000. Mechanical properties of the resin composition 
obtained finally worsen if the molecular weight of the polya 
mide resin is too low, and also a melt viscosity rises and a 
molding processability worsens if the molecular weight is too 
high. 
The polyamide resin to be particularly employed in the 

present invention includes, for example, nylon 6, nylon 4. 
nylon 6.6, nylon 11, nylon 12, nylon 6,10, nylon 6.12, nylon 
6/6.6, nylon 6/6.6/12, nylon 6, MXD wherein MXD denotes 
an m-xylylenediamine component, nylon 6,6T wherein T 
denotes a terephtalic acid component, nylon 6,61 wherein I 
denotes a isophthalic acid component, and the like; however, 
these are not to limit the scope of the present invention. 
When the polyamide resin is obtained by a polycondensa 

tion of a diamine and a dicarboxylic acid, specific examples 
of said diamine include an aliphatic, alicyclic and aromatic 
diamine Such as tetramethylenediamine, hexamethylenedi 
amine, undecamethylenediamine, dodecamethylenediamine, 
1.9-nonanediamine, 2-methyl-1,8-octanediamine, isophor 
onediamine, 1,3-bisaminomethylcyclohexane, m-xylylene 
diamine and p-xylylenediamine. Specific examples of said 
dicarboxylic acid also include an aliphatic, alicyclic and aro 
matic dicarboxylic acid Such as adipic acid, Suberic acid, 
aZelaic acid, sebacic acid, dodecanedioic acid, 1.3-cyclohex 
anedicarboxylic acid, 1,4-cyclohexanedicarboxylic acid, 
terephthalic acid, isophthalic acid, naphthalene dicarboxylic 
acid, dimer acid, oxalic acid and oxalate ester. 
A manner in obtaining the polyamide resin by a polycon 

densation of a diamine and a dicarboxylic acid includes a case 
of employing a diamine having 4 to 12 carbon atoms as a 
diamine component and employing oxalic acid as a dicar 
boxylic acid component, and the following explanations are 
given on respective components. The polyamide resin 
obtained by a polycondensation of the compounds has fea 
tures of the improvements of a water absorbability and a 
chemical resistance in comparison with the conventional 
polyamide resins. 
As the diamine having 4 to 12 carbon atoms, an aliphatic 

diamine, an alicyclic diamine and an aromatic diamine hav 
ing 4 to 12 carbon atoms are preferable, and among them, 
nonanediamine, decanediamine and dodecanediamine and an 
isomer thereof are more preferable. These may be employed 
solely or by mixing two or more. 
When two or more diamines are mixed to be employed, a 

case includes, for example, use of the mixture of 1.9- 
nonanediamine and 2-methyl-1,8-octanediamine. In this 
case, a molar ratio of 1.9-nonanediamine and 2-methyl-1.8- 
octanediamine is 1:99 to 99:1, more preferably 5:95 to 40:60 
or 60:40 to 95:5, particularly preferably 5:95 to 30:70 or 
70:30 to 90:10. 
As a source of Oxalic acid to be employed for production, 

an oxalate diester is employed, which is not particularly 
restricted so long as it has a reactivity with an amino group, 
which includes an oxalate diester of an aliphatic monohydric 
alcohol Such as dimethyl oxalate, diethyl oxalate, di-n-(or 
i-)propyl oxalate and di-n-(ori- or t-)butyl oxalate, an oxalate 
diester of an alicyclic alcohol Such as dicyclohexyl oxalate, 
and an oxalate diesterofan aromatic alcohol Such as diphenyl 
oxalate. Among the oxalate diesters described above, the 
oxalate diester of an aliphatic monohydric alcohol having 
carbon atoms more than 3, the oxalate diester of an alicyclic 
alcohol and the oxalate diester of an aromatic alcohol are 
preferable, and among them, dibutyl oxalate and diphenyl 
oxalate are particularly preferable. 
An (D-aminocarboxylic acid also includes 6-aminocaproic 

acid, 7-aminoheptanoic acid, 11-aminoundecanoic acid, 
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12-aminododecanoic acid and the like. A lactam includes 
e-caprolactam, co-laurolactam and the like. In the present 
invention, these diamines, dicarboxylic acids or co-aminocar 
boxylic acids or lactams are Supplied to the polycondensa 
tions solely or in form of a mixture of two or more, and the 
polyamide homopolymer, copolymer and a mixture of 
homopolymer and/or copolymer obtained by this way may be 
used. 
<Polyphenylene Ether Resind 

Although the polyphenylene ether resin to be employed for 
the present invention is not particularly limited, it includes, 
for example, poly(2,6-dimethyl-1,4-phenylene) ether, poly 
(2,6-diethyl-1,4-phenylene) ether and the like, and as known 
in the art, a polyphenylene ether resin comprising a styrene 
based polymer as a commercial product may also be 
employed. 
<Characteristics and Physical Properties of Polyphenylene 
Ether Resin 

In the present invention, a limiting viscosity m of these 
polyphenylene ether resins measured in chloroform at 25°C. 
is from 0.2 to 1.0 dl/g, preferably 0.3 to 0.7dl/g. An improve 
ment effect on heat resistance of the resultant resin composi 
tion is not sufficient if this limiting viscosity is too low, and a 
molding processability degrades if the viscosity is too high. 
The polyphenylene ether resin mentioned above may be 

used by modifying with an O.f3-unsaturated carboxylic acid 
or a derivative thereof to exhibit a compatibility with a polya 
mide resin. The C.B-unsaturated carboxylic acid specifically 
includes a monobasic unsaturated carboxylic acid Such as 
acrylic acid and methacrylic acid, a dibasic unsaturated car 
boxylic acid such as maleic acid, itaconic acid and fumaric 
acid, a tribasic unsaturated carboxylic acid such as citric acid 
and the like. The derivative of the C.B-unsaturated carboxylic 
acid also includes, for example, an acid halide, an amide, an 
imide, an anhydride, a salt, an ester and the like, and specifi 
cally includes maleic anhydride, itaconic anhydride and the 
like. 
As a method for modifying a polyphenylene ether resin, 

without particular limitation may be adopted various known 
methods such as a method of a reaction grafting an O.f3 
unsaturated carboxylic acid to a polyphenylene ether resin in 
a molten state and a method of a grafting reaction in a solution 
State. 
<Polyamide-Polyphenylene Ether Resind 

In the present invention, the polyamide resin and the 
polyphenylene ether resin described above are employed by 
mixing them. In these mixing methods, without particular 
limitation, after modifying the polyphenylene ether resin with 
the C.B-unsaturated carboxylic acid beforehand, it may be 
mixed with the polyamide resin; or sequentially mixing with 
the polyamide resin may be made during a step of modifying 
the polyphenylene ether resin with the C.f3-unsaturated car 
boxylic acid. Although a mixing ratio of the polyamide resin 
and the polyphenylene ether resin may be arbitrarily adjusted 
depending on an application, it is within, for example, a range 
of 1/99 to 99/1, preferably 30/70 to 95/5, further preferably a 
range of 50/50 to 90/10. 
<Other Resin Components 

Within a range which does not deteriorate the objectives of 
the present invention, another thermoplastic resin and an 
elastomer may be mixed into the electroconductive resin 
composition of the present invention, which may be 
employed solely or by mixing two or more. 
A preferred thermoplastic resin to be mixed includes, a 

polyolefin-based resin (polyethylene, polypropylene, ethyl 
ene vinyl acetate copolymer resin, ethylene vinyl copolymer 
resin, ethylene ethyl acrylate copolymer resin, ionomer and 
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the like), a polyvinyl-based resin (polyvinyl chloride, styrene, 
ABS resin and the like), a polyester-based resin (polyethylene 
terephthalate, polybutylene terephthalate, polyethylene 
naphthalate, polycarbonate, liquid crystal polymer and the 
like), a polyether-based resin (polyoxymethylene, aromat 
icpolysulfone, polyether ketones, polyphenylene Sulfide, 
polyether imide and the like), and a fluoric resin (polytet 
rafluoroethylene, polyvinylidene fluoride and the like). 
Among them, preferably a polyvinyl-based resin, more pref 
erably an aromatic vinyl compound-aliphatic hydrocarbon 
copolymer, particularly preferably a hydrogenated or unhy 
drogenated product of styrene-butadiene copolymer and sty 
rene-isoprene copolymer may be used. 
<Additional Component> 
An additional component may be used in combination with 

the electroconductive resin composition of the present inven 
tion in order to more effectively exhibit intended functions. 
Such additional component includes various pigments, a heat 
resistance agent such as a copper compound, various addi 
tives Such as an ultraviolet absorber, a light stabilizer, an 
antioxidant, a flame retardant, a crystallization accelerator, a 
plasticizer and a lubricant, a filler and the like. 
A pigment includes an extender pigment (a transparency 

white pigment Such as barium sulfate, calcium carbonate, 
silica and aluminum oxide), a black pigment (carbon black, 
magnetite and the like), a white pigment (titanium dioxide, 
Zinc oxide, tin dioxide, Zirconium oxide and the like), a black 
and colored pigment (cobalt blue, titan yellow and the like). 
A filler includes an electroconductive filler metal-based 

(silver, copper, nickel, stainless fiber and the like), oxide 
based filler (ZnO, ITO, ATO, nitride, carbide, boride), carbon, 
organic-based, a magnetism filler (ferrite, Sm/Co, Nd/Fe/B 
and the like), a piezoelectricity filler, a thermal conductive 
filler (Ag, h-BN, AlN, Al-O.), a reinforcement filler (a glass 
fiber, a carbon fiber, MOS, talc, mica and the like), a molding 
processable filler, an impact resistance filler, an abrasion 
resistance filler, a heat resistance filler (clay mineral, talc, 
calcium carbonate, settleability barium sulfate and the like), a 
flame retardant filler (Zinc borate, red phosphorus, ammo 
nium phosphate, magnesium hydroxide and the like), a Sound 
insulation/vibration proofed filler (iron powder, barium sul 
fate, mica, ferrite and the like), a solid lubricant filler (graph 
ite, molybdenum disulfide, fluoric resin powder, talc and the 
like), a heat radiation filler (hydrotalcite, aluminum oxide, 
charcoal, magnesium oxide and the like) and the like. 
A form of the filler may also be a granular form, a spherical 

form (improvement of an easily processability and a fracture 
toughness), a flat form (a flaky form) (a stiffness, a vibration 
damping, a Surface lubricity), a needle form (a mechanical/ 
thermal reinforcement, an electroconductive efficiency, a 
vibration damping), which can be utilized depending on a 
purpose. These additional components may be arbitrarily 
added in accordance with an intended use of the electrocon 
ductive resin composition. Typically, the additional compo 
nent is added within a range of 2% by mass to 40% by mass 
of the total mass of the electroconductive resin composition. 

While a preferred reinforcement filler is a glass fiber and a 
carbon fiber, blending with a glass fiberparticularly makes an 
effect considerable on the improvement of physical proper 
ties such as a strength and a creep resistance for the electro 
conductive polyamide resin composition of the present inven 
tion. Although neither the glass fiber is particularly limited 
nor its glass fiber diameter is limited, 5 to 15um is preferable. 
Although regarding a fiber length, it may be a short fiber or 
otherwise a long fiber depending on an application, 5 to 1000 
um is preferable. 
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A blending proportion of a glass fiber is preferably 3 to 
50% by mass and more preferably 5 to 35% by mass relative 
to the total mass of the electroconductive resin composition. 
An improvement effect on a strength and a creep resistance is 
small if the blending proportion of the glass fiber is low, while 
a molding processability and a surface Smoothness may be 
worsen if a blending amount of the glass fiber becomes high. 
<Molding of the Electroconductive Resin Composition> 
A method for molding the electroconductive resin compo 

sition of the present invention and a form of a molded article 
are not particularly limited. As a molding method, various 
methods such as melt spinning, extrusion molding, blow 
molding, injection molding and press molding may be uti 
lized, which is arbitrarily selected depending on a form of a 
molded article and a composition. A form of a molded article 
includes a film, a sheet, a filament, a rod, a tube, a belt, 
three-dimensional molded articles and the like. 
An electroconductive mold-processed article obtained 

from the electroconductive composition of the present inven 
tion can be used in a broad range of applications such as an 
electric/electronic field, an automotive field, a civil engineer 
ing/building construction field, a medical field, an informa 
tion/communication field and household products. In particu 
lar, the automotive field includes applications such as an 
admission part Such as an air intake manifold and an air 
cleaner in an engine compartment, an engine and engine 
cooling system part such as an oil pump, an oil cooler, an oil 
pan, a radiator, a water pump and an impeller, a fuel system 
part such as a fuel pump, a fuel tank and peripherals thereof, 
a fuel tank valve, a fuel tube and a fuel tube connector, gears 
employed in a transmission and steering unit and other trans 
mission parts, a brake and clutch part, and furthermore an 
electrostatic coating member Such as an electromagnetic 
wave shielding member, an antistatic member and an auto 
motive body panel. 
The article is also useful for applications such as an elec 

trode and an electrode electroconductive binder of a nonaque 
ous solvent-based electrical charge storage device Such as a 
battery for consumer appliances and an automobile, a capaci 
tor and an electrochemical capacitor, a current collector, an 
electromagnetic wave shielding member, an antistatic part 
and the like in other electric/electronic fields, and furthermore 
a tray in a production of an semiconductor device and its 
transfer process, a packaging material, a building material for 
a clean room, a dust-free garment and also an electronic 
equipment electroconductive member (Such as a belt, a 
sleeve, a roll, a connector, a gear and a tube). 

EXAMPLE 

The following explanations are given to examples together 
with comparative examples; however, the present invention is 
not limited thereby in any way. Measurements in the working 
examples were performed by the following methods. 
(1) Relative viscosity (mr): 
mr was measured at 25° C. by employing the Ostwald’s 

viscometer using a 96% sulfuric acid solution of polyamide 
(concentration: 1.0 g/dl). 
(2) Water absorption percentage: 
The polyamide resin pellets obtained in examples and 

comparative examples were let stand in an atmosphere with 
65% Rh at 23°C., and a saturated water absorption percent 
age was measured by employing the Karl Fischer's moisture 
meter with reference to the JIS standards. 
(3) Mechanical physical properties: 
The measurements of 1 to 4 illustrated below were 

performed by employing a test specimen described below in 
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18 
which the test specimen was formed by injection molding at 
a resin temperature of 260°C. (23.0°C. in case of employing 
nylon 12) and a mold temperature of 80°C. 
1 Tensile strength at yield point and tensile elongation at 
break: Measurement was made by employing an ISO Type A 
test specimen with reference to ISO 527-1, 2. The measure 
ment was performed in an atmosphere with 50% Rhat 23°C. 
2 Flexural modulus: Measurement was made by employing 
an ISO Type B test specimen with reference to ISO 178. The 
measurement was performed in an atmosphere with 50% Rh 
at 23° C. 
3 Flexural modulus upon absorbing water: An ISO Type B 
test specimen was left to stand in an atmosphere with 50% Rh 
at 23°C., and the test specimen having absorbed water by its 
saturated water absorption percentage was measured with 
reference to ISO 178. The measurement was performed in an 
atmosphere with 50% Rhat 23° C. 
4 Charpy impact test: A notched impact test was carried out 
in an atmosphere with 50% Rhat 23°C. by employing an ISO 
Type B test specimen with reference to ISO 179/1eA. 
(4) Volume resistance value: 
A Volume resistance value of a resin composition was 

measured with a low resistivity meter Loresta GP (MCP 
T610) and a high resistivity meter Hiresta UP (MCP-HT450) 
(made by the DIA Instrument Co., Ltd.). 

Production Examples A1 

Synthesis of Fine Carbon Fibers 

Production Example A1 

In 500 mL of ion-exchanged water were dissolved 115 g of 
cobalt nitrate Co(NO)6H2O: molecular weight 291.03 
(0.40 mol) and 102 g of magnesium nitrate Mg(NO) 
2.6H2O: molecular weight 256.41 (0.40 mol), to prepare 
raw-material solution (1). Furthermore, 220 g of powdery 
ammonium bicarbonate (NH4)HCO: molecular weight 
79.06 (2.78 mol) was dissolved in 1100 mL of ion-ex 
changed water, to prepare raw-material Solution (2). Next, 
raw-material Solutions (1) and (2) were mixed at a reaction 
temperature of 40°C., after which the mixture was stirred for 
4 hours. The precipitate formed was filtered, washed and then 
dried. 
The product was calcined and pulverized with a mortar to 

provide 43 g of a catalyst. A crystal lattice constant “a” (cubic 
system) of the spinel structure in this catalyst was 0.8162 nm, 
and a metallic element ratio in the spinel structure of the 
substitutional solid solution was Mg:Co=1.4:1.6. 
A quartz reaction tube (inner diameter: 75 mmp, height: 

650 mm) was perpendicularly fixed and in its center was 
placed a Support of silica wool on which was then dispersed 
0.9 g of the catalyst. Under He atmosphere, the tube was 
heated to a furnace temperature of 550°C., and then a mixed 
gas consisting of CO and H (volume ratio: CO/H=95. 1/4.9) 
as a source gas was fed from the bottom of the reaction tube 
at a flow rate of 1.28 L/min for 7 hours, to synthesize a fine 
carbon fiber. 
An yield was 53.1 g, and an ash content was determined as 

1.5% by mass. A peak half width “W' (degree) observed in 
XRD analysis of the product was 3.156 and d002 was 0.3437 
nm. Furthermore, from a TEM image, parameters related to 
the dimensions oftemple-bell-shaped structural units consti 
tuting the fine carbon fiber obtained and the aggregate of these 
were D=12 nm, d=7 nm, L=114 nm, L/D=9.5, 0–0 to 7° 
(average: about 3). A stack number of the temple-bell 
shaped structural units constituting the aggregate was 4 to 5. 
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Here, D, dand 0 were determined for three points (4) L, (/2)L 
and (34)L from the head-top of the aggregate. 

FIG. 3 shows a TEM image of the fine carbon fiber pre 
pared. 
A fine carbon fibers thus obtained was treated by a ceramic 

ball mill with a diameter of 2 mm for a predetermined time to 
prepare a fine short carbon fiber. FIG. 5 shows TEM image of 
a fine short carbon fiber after 20 hours. From the TEM image 
in FIG. 5, parameters related to the dimensions of temple 
bell-shaped structural units constituting the fine short carbon 
fiber thus obtained and the aggregate of these were D=10.6 to 
13.2 nm, L/D=2.0 to 5.5, 0=0.5° to 10°. Here, 0 is an incli 
nation average of the right and the left carbon layers to the 
center of the fiber axis in the TEM image. A stack number of 
the temple-bell-shaped structural units forming the aggregate 
was 10 to 20. 

Production Example B1 

Production of the Polyamide Resin Employing 
Oxalic Acid as the Dicarboxylic Acid Component 

Production example B1 

28.40 kg (140.4 mol) of dibutyl oxalate was charged into a 
pressure tight vessel which was equipped with a stirrer, a 
thermometer, a torquemeter, a pressure gauge, a feedstock 
charging port to which a diaphragm pump was directly con 
nected, a nitrogen gas inlet, a pressure Vomitory, a pressure 
regulator and a polymer outlet, and which had an inner Vol 
ume of 150 liters, and after repeating 5 times an operation of 
pressuring the vessel inside by 0.5 MPa with a nitrogen gas 
having a purity of 99.9999%, and then followed by releasing 
the nitrogen gas down to an ordinary pressure to perform a 
replacement with nitrogen, a temperature in the system was 
raised while stirring under a confined pressure. After a tem 
perature of dibutyl oxalate was achieved up to 100° C. over 30 
minutes, a mixture of 18.89 kg (119.3 mol) of 1.9-nonanedi 
amine and 3.34 kg (21.1 mol) of 2-methyl-1,8-octanediamine 
(a molar ratio of 1.9-nonanediamine and 2-methyl-1,8-oc 
tanediamine being 85:15) was supplied into the reaction ves 
sel over about 17 minutes at a flow rate of 1.49 liters/minute 
by the diaphragm pump, and at the same time the temperature 
was raised. In the immediate aftermath of the provision, the 
inside pressure in the pressure tight vessel rose up to 0.35 
MPa due to butanol resultant from the polycondensation reac 
tion, and the temperature of the polycondensation product 
rose up to 170° C. Thereafter, the temperature was raised up 
to 235°C. over 1 hour. In the meantime, the inside pressure 
was regulated at 0.5 MPa while the resultant butanol was 
drained from the pressure vomitory. Immediately after the 
temperature of the polycondensation product reached 235° 
C., butanol was drained from the pressure vomitory over 
about 20 minutes to let the inside pressure to be an ordinary 
pressure. Once the ordinary pressure was achieved, tempera 
ture rise was initiated while flowing a nitrogen gas at 1.5 

Unit 

8. Polyamide 66 part by mass 
b Polyphenylene ether part by mass 
a + b % by mass 
C Fine carbon fiber % by mass 

Ketjen Black % by mass 
Evaluation Volume resistance value 2cm 
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liters/minute and the temperature of the polycondensation 
product was achieved to be 260° C. over about 1 hour to 
perform the reaction at 260° C. for 4.5 hours. Thereafter 
stirring was terminated and after the system inside was pres 
sured by 1 MPa with nitrogen and left to stand for about 10 
minutes, outgassing was made down to the inside pressure of 
0.5 MPa and the polycondensation product was drained in 
form of a string from a draining outlet underneath the pressure 
tight vessel. The polycondensation product inform of a string 
was immediately cooled down with water, and the water 
cooled resin inform of a string was pelletized by a pelletizer. 
The resultant polyamide was a white tough polymer and 
mr 3.20. 
<Materials.> 
The materials used in the examples and the comparative 

examples are as follows. 
Resins 

(1) Polyamide 66: a polyamide 66 resin having a relative 
viscosity of 2.75 (2020B made by the UBE Industries, Ltd). 
(2) Polyamide 6: a polyamide 6 resin having a relative vis 
cosity of 2.70 (1015B made by the UBE Industries, Ltd). 
(3) Polyphenylene ether resin: a maleic anhydride-modified 
polyphenylene ether resin wherein a polyphenylene ether and 
maleic anhydride were melted and mixed at 280°C. (those in 
which an amount of maleic anhydride determined by a cali 
bration curve prepared beforehand on an infrared absorption 
spectrum was 0.2%), in which the polyphenylene ether was a 
poly(2,6-dimethyl-1,4-phenylene ether) resin having a rela 
tive viscosity of 0.45 at a polymer concentration of 0.5% by 
mass in a chloroform at 25°C. 
(4) Aromatic vinyl compound-aliphatic hydrocarbon copoly 
mer: a hydrogenated styrene-isoprene block copolymer 
(SEPTON2104 made by the Kuraray Co., Ltd.). 

Examples 1 to 7 

After blending the polyamide 66 resin (1) and the polyphe 
nylene ether resin (3) with a predetermined amount of the fine 
carbon fiber produced in a similar manner to the production 
example A1, and preliminarily mixing them by the Henschel 
mixer, the blend was melted and mixed at 260° C. by a double 
screw extruder, and the molten mixture was pelletized to 
obtain the electroconductive polyamide resin composition. 
This pellet was subjected to a melt press molding at 260° C. to 
measure its Volume resistance value (S2cm) (applied Voltage 
10 V). The results are shown in Table 1 together with the 
blending compositions. 

Comparative Example 1 

An evaluation was made in a similar manner to the example 
1 except that the Ketjen Black (EC600JD made by the Ketjen 
Black International Co.) was employed in place of the fine 
carbon fiber. The results are shown in 

TABLE 1. 

Comp. 
Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. S Ex. 6 Ex. 7 Ex. 1 

8O 8O 8O 8O 8O 90 70 8O 
2O 2O 2O 2O 2O 10 30 2O 
94.O 98.5 97.0 92.O 87.0 94.O. 94.O. 940 
6.O 1.5 3.0 8.0 13.0 6.O 6.O 

6.O 
9 x 10' 7 x 107 9 x 10 9 x 109 3 x 109 5 x 10' 6x 10 5 x 10 
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TABLE 1-continued 

Comp. 
Unit Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. S Ex. 6 Ex. 7 Ex. 1 

Water absorption percentage % by mass 1.9 2.0 1.9 1.8 1.7 2.1 1.6 1.9 
Tensile Strength at MPa. 82 78 8O 86 89 78 86 72 
strength yield point 

Elongation % 17.2 28.3 24.6 13.9 8.2 19.3 15.4 3.9 
at break 

Flexural modulus MPa. 3,200 3,100 3,100 3,400 4,100 3,000 3,400 3,000 
Flexural modulus MPa. 1,800 1,800 1,700 2,000 2,400 1400 2,200 1,800 
upon absorbing water 
Charpy impact strength KJ/m2 4.4 4.9 4.7 4.0 3.6 4.5 4.4 1.5 

As shown in the examples and the comparative example of 15 Example 10 
Table 1, the examples 1 to 7 employing the fine carbon fiber 
characterizing the present invention are more excel in the 
electroconductivity and the mechanical properties, in particu 
lar the tensile elongation at break and the impact strength than 
the composition employing the Ketjen Black shown in the 
comparative example 1. 

Example 8 

An evaluation was made in a similar manner to the example 25 
1 except that the polyamide 6 resin (2) was employed. The 
results are shown in Table 2 together with the blending com 
position. 

Comparative Example 2 30 

An evaluation was made in a similar manner to the example 
2 except that the Ketjen Black (EC600JD made by the Ketjen 
Black International Co.) was employed in place of the fine 
carbon fiber. The results are shown in Table 2. 

8. Polyamide 66 
Polyamide 6 
Polyamide of the production example B1 

b Polyphenylene ether 
d Aromatic vinyl compound 
a + b + d 
C Fine carbon fiber 

Ketjen Black 
Volume resistance value 
Water absorption percentage 
Tensile Strength at yield point 
strength Breaking elongation 
Flexural modulus 
Flexural modulus upon absorbing water 
Charpy impact strength 

Evaluation 

Example 9 55 

An evaluation was made in a similar manner to the example 
2 except that the polyamide resin produced in a similar man 
ner to the production example B1 was employed. The results 
are shown in Table 2 together with the blending composition. 60 

Comparative Example 3 

An evaluation was made in a similar manner to the working 
example 9 except that the Ketjen Black (EC600JD made by 65 
the Ketjen Black International Co.) was employed in place of 
the fine carbon fiber. The results are shown in Table 2. 

After blending the polyamide 66 resin (1), the polyphe 
nylene ether resin (3) and the aromatic vinyl compound 
aliphatic hydrocarbon copolymer (4) with a predetermined 
amount of the fine carbon fiber produced in a similar manner 
to the production example A1, and preliminarily mixing them 
by the Henschel mixer, the blend was melted and mixed at 
260° C. by a double screw extruder, and the molten mixture 
was pelletized to obtain the electroconductive polyamide 
resin composition. This pellet was subjected to a melt press 
molding at 260° C. to measure its volume resistance value 
(S2 cm) (applied voltage 10 V). The results are shown in Table 
2 together with the blending composition. 

Comparative Example 4 

An evaluation was made in a similar manner to the example 
10 except that the Ketjen Black (EC600JD made by the 
Ketjen Black International Co.) was employed in place of the 
fine carbon fiber. The results are shown in Table 2. 

TABLE 2 

Comp. Comp. Comp. 
Unit Ex. 8 Ex. 9 Ex. 10 Ex. 2 Ex. 3 Ex. 4 

part by mass 75 75 
part by mass 8O 8O 
part by mass 8O 8O 
part by mass 2O 2O 2O 2O 2O 2O 
part by mass 5 5 
% by mass 94.O 98.5 97.0 94.0 94.0 94.O 
% by mass 6.O 6.O 6.O 
% by mass 6.O 6.0 6.O 
2cm 6 x 10' 2 x 10' 8 x 10' 5 x 10' 3 x 10' 5 x 10 
% by mass 2.6 O.2 1.8 2.6 O.2 1.8 
MPa. 72 68 69 65 60 64 
% 2O2 16.3 35.6 6.6 5.2 9.7 
MPa. 2,900 3,400 2,700 3,000 3,700 2,900 
MPa. 1400 3,300 1,600 1400 3,100 1,700 
KJ/m2 4.6 3.6 8.9 1.5 2.8 3.9 

As shown in the examples and the comparative examples of 
Table 2, the examples 8 to 10 employing the fine carbon fiber 
characterizing the present invention are more excel in the 
electroconductivity and the mechanical properties, in particu 
lar the tensile elongation at break and the impact strength than 
the compositions employing the Ketjen Black shown in the 
comparative examples 2 to 4. 

INDUSTRIAL, USABILITY 

The electroconductive resin composition of the present 
invention has a stable electroconductivity and a low water 
absorbability and excels in a dimensional stability and a 
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molding processability and excels in mechanical properties 
commencing with an impact property and a chemical resis 
tance and a hydrolysis resistance, while upholding the origi 
nal property of a polyamide-polyphenylene ether resin. 
Therefore, an electroconductive mold-processed article 
obtained from the electroconductive resin composition of the 
present invention can be used in a broad range of applications 
Such as an electric/electronic field, an automotive field, a civil 
engineering/building construction field, a medical field, an 
information/communication field and household products. In 
particular, the automotive field includes applications such as 
an admission part such as an air intake manifold and an air 
cleaner in an engine compartment, an engine and engine 
cooling system part such as an oil pump, an oil cooler, an oil 
pan, a radiator, a water pump and an impeller, a fuel system 
part such as a fuel pump, a fuel tank and peripherals thereof, 
a fuel tank valve, a fuel tube and a fuel tube connector, gears 
employed in a transmission and steering unit and other trans 
mission parts, a brake and clutch part, and furthermore an 
electrostatic coating member Such as an electromagnetic 
wave shielding member, an antistatic member and an auto 
motive body panel. The composition is useful as an electro 
magnetic wave shielding member, an antistatic member and 
an electrostatic coating member in an electric/electronic field 
and an automotive field, and furthermore for applications 
Such as a tray in a production of an semiconductor device and 
its transfer process, a packaging material, a building material 
for a clean room, a dust-free garment and also an electronic 
equipment electroconductive member (Such as a belt, a 
sleeve, a roll, a connector, a gear and a tube). 

DESCRIPTION OF SYMBOLS 

11 structural unit 
12 head-top part 
13 body-part 
21, 21a, 21b, 21c aggregate 

10 

15 

25 

30 

35 
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The invention claimed is: 
1. An electroconductive resin composition comprising: 
(a) a polyimide resin, 
(b) a polyphenylene ether resin, and 
(c) a fine carbon fiber dispersed in the resin component, 

wherein a graphite-net plane consisting solely of carbon 
atoms forms a temple-bell-shaped structural unit com 
prising closed head-top part and body-part with open 
lower-end where an angle 0 formed by a generatrix of 
the body-part and a fiber axis is less than 15, 2 to 30 of 
the temple-bell-shaped structural units are stacked shar 
ing a common central axis to form an aggregate having 
an aspect ratio L/D of 2 to 30 wherein D is an outer 
diameter the body-part and L is a length of the aggregate, 
and the aggregates are connected in head-to-tail style 
with a distance by van der Waals force to form the fine 
carbon fiber. 

2. The electroconductive resin composition according to 
claim 1, wherein the fine carbon fiber is produced by vapor 
phase growth using a catalyst containing an element selected 
from the group consisting of Fe, Co, Ni, Al, Mg and Si, and an 
ash content in the fine carbon fiber is 4% by mass or less. 

3. The electroconductive resin composition according to 
claim 1, wherein the fine carbon fiber is a fine short carbon 
fiber in which 100 or less of the aggregates are connected. 

4. The electroconductive resin composition according to 
claim3, wherein the fine short carbon fibers are produced by 
fiber shortening by applying shear stress. 

5. The electroconductive resin composition according to 
claim 1, wherein the (b) polyphenylene ether resin is a 
polyphenylene ether resin modified with a C.B-unsaturated 
carboxylic acid or a derivative thereof. 

6. The electroconductive resin composition according to 
claim 1, wherein the (a) polyamide resin is an aliphatic polya 
mide resin. 

7. The electroconductive resin composition according to 
claim 1, wherein the (a) polyamide resin is a polyamide resin 
obtained by a polycondensation of Oxalic acid and a diamine 
having 4 to 12 carbon atoms. 
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